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Summary 

The strength of waves propagated via the ionosphere at If. or mf may be 
increased if either path terminal is situated near the sea. This increase, which is known as 
sea gain, depends both on the distance of the terminal from the coast and on the extent of 
the sea beyond the coastline. An approximate formula is derived for estimating sea gain 
for all geographical situations which are likely to be encountered. 
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LF AND MF PROPAGATION: 

AN APPROXIMATE FORMULA FOR ESTIMATING SEA GAIN 

P. Knight, M.A., Ph.D., M.I.E.E. 



1. Introduction 

The sky-wave field-strength prediction method for l.f. 
and m.f. described in the Annex to CCIR Report 575, 
which was adopted by Part I of the Regional Administrative 
Broadcasting Conference for use in I.T.U. Region 1 and in 
part of Region 3, contains an approximate formula for 
estimating sea gain. The description which accompanies 
this formula is rather unsatisfactory because it does not 
say how far the sea must extend in the direction of propa- 
gation; sea gain will, of course, be considerably reduced if 
the sea is of very limited extent. The effect which the 
finite width of a sea channel or inlet has on sea gain has 
now been studied and is discussed here; for convenience 
the term 'channel' will be used below. 

The derivation of the present CCIR formula, which 
takes account of the distance of a terminal from the coast, 
is described here in Sections 2 and 3. Section 4 considers 
how the finite width of a channel influences sea gain and 
states an approximate formula which applies when a 
terminal is situated on the edge of a channel. The two 
formulae are combined in Section 5, to enable sea gain to 
be estimated for a terminal which is some distance inland 
from the edge of a channel. Appendix 2 indicates how 
the combined formula could be incorporated in CCIR 
Report 575. 



2. Sea gain for a terminal on the coast 

The sea gain which occurs when an inland terminal is 
replaced by a terminal on the coast depends on the con- 
ductivity at the inland site; the poorer the conductivity 
the greater the sea gain. Sea gain is greatest at low radiation 
angles. 

Curves which enable sea gain to be estimated when a 
terminal well inland is replaced by a terminal on the coast, 
assuming the sea to be of unlimited extent, are contained in 
Fig. 1 of CCIR Report 401-2. These curves take diffraction 
around the curvature of the Earth into account and extend 
to negative radiation angles. 

Sea gain in greatest at low radiation angles and there- 
fore increases as the path length increases, reaching a maxi- 
mum near the limit of the 1-hop propagation mode, i.e. 
when the path length is about 2000 km. Beyond 2000 km 
the 1-hop mode is replaced by the higher-angle 2-hop mode 
and the sea gain decreases rapidly. It rises again to a 
second maximum at about 4000 km, the limit of the 2-hop 
mode. 
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Fig, 1 - Sea gain (G^) for a single terminal on the coast 
Ground conductivity 10 mS/m 
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The effective sea gain for any path length depends on 
the sum of all the modes which contribute significantly to 
the received signal. Effective sea gains, for North-South 
and East-West paths of various lengths, have been calculated 



Fig 2 - Sea gain for an inland terminal 
(a) 200 kHz (6) 1 MHz 

— Computed curve ____— Linear approximation 
Radiation angle 3 Ground conductivity 10 mS/m 
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by the wave-hop method^ for 0-5 and 1-5 MHz, assuming 
the ground conductivity at the inland site to be 10mS/m., 
As the difference between sea-gain curves drawn for the 
two frequencies was found to be insufficient to justify the 
use of nnore than one curve at m.f., an intermediate curve 
was drawn and is reproduced in Fig. 1. A modified form of 
the wave-hop method was also used to calculate effective 
sea gain at 200 kHz, and the resulting curve is also shown 
in Fig. 1. Both of these curves have been adopted by the 
CCIR and are included in Report 575. Further calculations 
showed that the sea gain is doubled if both terminals are on 
the coast 

3. Sea gain for an inland terminal 

The sea gain shown in Fig. 1 decreases if the terminal is 
300 



200 



situated some distance from the coast. The effect of 
moving the terminal inland has been studied both theoreti- 

2 3 

cally (assuming the Earth to be flat) and experimentally. ' 
Earth curvature, which has a significant effect at l.f. and at 
the lower frequencies in the m.f. band, has since been taken 
into account and Fig. 2 shows typical results. 

For frequency planning it is not feasible to take 
account of all the detailed variations shown in Fig. 2. In 
the method adopted by the CCIR, the reduction in sea 
gain is assumed to be linear up to the distance at which it 
first falls to zero and to be zero for all greater distances. 
This approximation is represented by the broken lines of 
Fig. 2. 

Fig. 2 applies to waves propagating at 3 to the 
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Fig. 3 - Distance from coast at which sea gain fails to zero 

Computed distance —» »™" =-■ Distance given by semi-empirical formula 
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horizontal. Fig. 3 shows that the distance at which sea 
gain falls to zeto depends to a great extent on the radiation 
angle, which in turn depends on the path length. To avoid 
the need to determine the radiation angle as an intermediate 
step, the distance referred to above has been expressed in 
terms of the sea gain for a coastal site (G^) given by Fig. 1, 
since G^ also depends on radiation angle and path length. 
Fig. 3 also shows that the distance in km at which sea gain 
first fa! is to zero may be expressed with reasonable accuracy, 
when Gg is given by Fig. 1, by the following semi-empirica! 
formula, discussed in Appendix 1 : 



10^.''°' 



2/ 



(1) 



where Q^ is a constant and /is the frequency in kHz. The 
linear sea gain approximation referred to above is then given 
by: 



G, = G,(l--i 



G, = 



^i<^ 
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(3) 
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where all distances are measured along the great-circle path. 

Equation (2) is the same as that adopted by the CCIR 
{see Equation (3) of the Annex of Report 575). The 
values of Q^ given in Report 575 are 0-44 and 1-75 for l.f. 
and m.f. respectively. More detailed calculations made 
recently, however, lead to values of 0-30 (l.f.) and 1-40 
(m.f.); the curves shown in Fig. 3 were calculated with 
these constants. 



Fig. 4 - Sea gain for a terminal on the edge of a sea channel 

(a) 200 kHz (b) 1 MHz 

Computed curve Linear approximation 

Radiation angle 3 Ground conductivity 10 mS/m 

1-20 at m.f. The variation of sea gain with the width of 
the channel is then given by: 
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4. Sea gain for a terminal on the edge of a channel 

The sea beyond the coastline has been assumed so far to 
be of unlimited extent. As this is not necessarily the case, 
the effect of a channel of finite width has been studied. In 
this section the terminal is assumed to be on the coast. 

The theory contained in Reference 2 has been modi- 
fied to take Earth curvature into account and Fig. 4 shows 
typical computed curves. 

As in Section 3 it is proposed that the increase in sea 
gain should be assumed to be linear until it attains the value 
(Gg) corresponding to sea of unlimited extent, and equal 
to Gq if the width of the channel is greater. This approxi- 
mation is represented by the broken lines of Fig. 4. Com- 
putations show that the distance r^ (km) at which the sea 
gain first reaches G^ may be expressed in the terms of the 
values of G^ given in Fig. 1 by the following semi-empirical 
formula 



Gn=Go 
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(6) 



It has been assumed in this section that the land on 
the far side of the channel is of unlimited extent. If this is 
not the case (e.g. if the land on the far side is a peninsula or 
island) it is proposed thatGj should be calculated according 
to the following rules: 



(1) 



If more than half the distance between s^ and r^ is 



occupied by land, G^ =s^GJr^. 

If less than half the distai 
occupied by land, G^ = G^. 



(2) If less than half the distance between s^ and r^ is 



5. Sea gain for a terminal near a channel 

In Section 4 the terminal was assumed to be on the 
edge of a channel. It may, however, be some distance 
inland. 



= 10^.''°' 
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(4) 



where Q^ is a further constant, equal to 0-25 at l.f. and 



This situation is considered theoretically in Reference 
2 but the solution is extremely complex and is not con- 
venient for computation. Reference 2 does, however, 
contain a few computed curves which can be used to justify 
the very simple method proposed below. 



SRA-145) 



Equations (2) and (5) may both be written in the 



form: 



G^-A 



(7) 



where A is a correction which describes how sea gain is 
reduced, either by the distance of the terminal from the sea 
or by the finite width of a channel. Here it is proposed 
that the two corrections be applied simultaneously when 
the terminal is both inland and near a channel. The 
resulting expression for G. is then: 



.. = ,^-^,«„ 



(8) 



where all distances are measured from the terminal along 
the great-circle path. The range of validity of Equation (8) 
is governed by the conditions outlined in Sections 3 and 4 
and stated more precisely in Appendix 2, which is a draft 
revision of the appropriate section of CCIR Report 575. 

Fig. 5 shows how this procedure was justified. The 
full-line curves are derived from Fig. 5 of Reference 2 and 
show how sea gain varies as a terminal moves inland from 
the edge of a channel of given width. The broken lines 
were drawn by subtracting the two separate corrections. 



derived from Figs. 3 and 6 of Reference 2, from G^. The 
agreement is not exact but the discrepancies are least 
where the sea gain in greatest. 



6. Discussion 

The approximate sea-gain formula proposed in Section 
5 and specified in detail in Appendix 2 is known to agree 
reasonably well with the more exact formulae of References 
2 and 4 if (a) the terminal is inland and the sea is of un- 
limited extent or (b) if the terminal is on the edge of a 
channel. It is thought to be reasonably accurate if the 
terminal is situated both inland and near a channel. It is 
important to note that the formula applies only when the 
ground conductivity is 10 mS/m (the value adopted by the 
CCIR) and G^ has the values given in Fig. 1. 

The conditions for the use of this formula, specified 
in Appendix 2, should anticipate all geographical situations 
which can arise and should avoid ambiguity when coastline 
data are being specified for use in a computer. 

As a guide for the preparation of data. Fig. 6 shows 
the distances {r^ and r^) to which coastline data should be 
specified. These distances were calculated from Equations 
(1) and (4) with the appropriate values of G^, Q^ and Q^. 
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Fig. 5 - Sea gain for a terminal near a sea ciiannel 
Width of channel (a) 64X (6) 32X (c) 6-4X 

Curves derived from Fig. 5 of Reference 2 Curves calculated by approximate method 

Radiation angle 4° Ground conductivity 10 mS/m Frequency 10 MHz 
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Fig. 6 - Distances to wtiich coastline data siiouid be specified 



Distance between terminal and sea {r 



The small differences between r 

error would arise if the formulae were simplified still further 
by making r^ and r equal. If this were done. Equation (8) 
would simplify to: 



where 



G.-K-h)^ 



Of 



(9) 



(10) 



Distance from terminal to next land (r ) 
d = path length 



Suitable values of Q would be 0-28 (l.f. ) and 1-3 {m.f. 
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Appendix 1 
Derivation of the Semi-empirica! Formulae 



Equation (1) is a semi-empirical formula which gives 
the approximate distance at which sea gain falls to zero, in 
terms of G^ and the frequency, when a terminal moves 
inland. Equation (4) is a similar expression which gives the 
minimum width of channel which is required for sea gain 
to be equal to G^. 

Both of these distances depend on the path difference 
in wavelengths between waves propagating directly to or 
from the terminal and those propagating via the discon- 
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Fig. 7 - Waves propagating from a terminal 



tinuity, as shown in Fig. 7. Neglecting Earth curvature, 
this path difference is proportional to fr(\ — cos 4^), where 
/ is the frequency, r the distance between the terminal and 
the discontinuity and 4^ the radiation angle. !f ii is small 
the path difference is proportional to fr^''' . It follows 
therefore that the distance r which corresponds to a parti- 
cular path difference is proportional to l/fip^ . 

It can be shown that the product G^4' is almost 
constant for the dominant propagation mode, for all 
distances between terminals. Consequently the distance r 
which corresponds to a given path difference is proportional 
to G^^/f; this is the basis of- the semi-empirical formulae. 
The constants 2j and Q^ were so chosen that the differences 
between distances calculated from the formulae and those 
computed by the method described in Reference 4 are made 
as small as possible, especially at the low radiation angles 
where sea-gain is most important. Fig. 3 shows that the 
semi-empirical formula for r^ gives reasonably accurate 
results over a wide range of frequencies and radiation 
angles; the formula forr^ gives similar results. 



Appendix 2 
Draft Revision of CC!R Report 575 



To include the proposed sea-gain formula in CCIR 
texts. Section 2.3 of the Annex of Report 575 would have 
to be replaced by the following: 

"2.3. Sea gain 

Gj is the additional signal gain when one or both 
terminals is situated near the sea. G^ for a single terminal 
is given by: 



-' - - G. 



dB 



(3) 



where 



Gq = gain when the terminal is on the coast and the 
sea is unobstructed by further land. 

s = distance of terminal from sea, measured along 
great-circle path (km). 

s^ = distance of terminal from next section of land, 
measured along great-circle path (km). 



r, =10^G„Ve/ 

/ = frequency (kHz) 

Qj = 0-30 in band 5 and 1-4 in band 6 

Q^ = 0-25 in band 5 and 1-2 in band 6 

Gq is given in Fig. 7 as a function of d for bands 5 
and 6. In band 6, G^, = 10 dB when <i>6500 km. Equa- 
tion (3) applies for values of s^ and s^ such that G^>0. 
For larger values of s G. = 0. 



If s,>r^ 

2 2 



G^ is calculated 



with Sj = fj. if s^<r^ and if more than half the distance 
between X and a great-circle distance equal tor^ is occupied 
by land. Equation (3) applies, but if less than half the dis- 
tance between s^ and r^ is occupied by iand.G^ is calculated 
with Sj = r^ . 

if both terminals are near the sea, G^ is the sum of the 
values of G^ for the individual terminals." 
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